Neonatal tetany is a disorder so inconstant in its initial symptomatology and so obscure in its etiology that its very existence has been doubted. The tendency to spontaneous recovery and the supposedly quick response to treatment have retarded a fuller understanding of the disease, since many observers have been prone to use subsidence of symptoms as prima facie evidence of the presence of the disease. It is only by critical appraisal of diagnostic data and by further investigations that we may come to any clear understanding of the pathological physiology of the disease.
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Tetany is a clinical term without etiological significance, referring to a condition of hyperexcitability of the nervous system made manifest chiefly by muscular spasm or convulsions. In this paper the term will have reference to tetanic manifestations associated with low concentration of calcium in the blood serum in infants in the first twelve weeks of life. This period is chosen arbitrarily, as it is impossible to make a sharp distinction between those cases in which the onset is during the first two weeks of life, and those in which the onset is a few days later. Further, the possibility cannot be ruled out in these cases of a latent tetany being-present during the first days of life, becoming apparent only during the third or subsequent weeks. A period of twelve weeks should suffice to include all thiese cases in which the disorder becomes established during the first two weeks, since if it is dormant for longer than ten weeks the inciting cause can only with difficulty be related to the neonatal period. As will be pointed out later, dinical features of neonatal tetany make it unlikely that rickets plays a role in its etiology. While one cannot with certainty exdude rickets in all cases of tetany in the first twelve weeks of life, the preponderant majority of cases of tetany in infants at this age are not rachitic. On the second and third days of life, the child was noted to have lost weight to the usual degree despite the fact that complementary feedings were given early; these were taken with reluctance. At noon on the third day of life, the child showed an elevation of temperature to 380 C. On examination nothing was noted except deep jaundice and persistence of the harsh cry. During the afternoon the child began to vomit frequently and two hypodermoclyses (60 cc. each) of normal saline were given about four hours apart. The baby retained water by mouth during the early part of the night but about midnight again began to vomit.
By the fourth day of life the weight had increased to 3420 gm., a gain of 80 gm. The marked jaundice was the only physical finding. Water and the cow's milk mixture were omitted during the day, and the intake of fluids was maintained by giving two hypodermoclyses of normal saline (120 cc. each). In the evening, the child was given a small amount of water which she promptly vomited, so a third hypodermoclysis (120 cc.) of a mixture of equal parts of normal saline and 5 per cent glucose was given.
The temperature remained normal. Although the hands and feet had tended to be continually cold and blue, spells of generalized cyanosis occurred during this night for the first time.
The child seemed improved on the fifth day of life, and cod-liver oil treatment was started. However, on the sixth day of life she again began to have frequent cyanotic spells and when examined during one of these attacks, a slow heart rate and a rough systolic murmur not previously noted were found. The liver and spleen were palpable. Fluids were maintained on the sixth and seventh days of life with subcutaneous saline, approximately 120 cc. being given each day. The child's general condition seemed to be growing much better. On the eighth day of life a few twitchings of the extremities were first noted. No pitting edema was detected although the weight had increased 485 gm. during this interval.
On the ninth day of life, the weight was 4050 gm., having increased 145 gm. The baby now showed well-marked generalized edema which pitted over the feet and sacrum. The edema of the chest and back was thought to be unabsorbed fluid previously given subcutaneously. Although this child undoubtedly developed edema partly because of the administration of saline, the low concentration of serum albumin and serum globulin are sufficient to explain the extent and ready development of the edema. The hands and feet were blue and cold. The loud systolic murmur over the heart persisted. From the tenth through the twelfth day of life there was a rapid loss of nearly all the edema. Chemical examination of the blood on the twelfth day showed a serum calcium of 9.26 mg.-%o, phosphorus 6.49 mg.-%o, protein 4.70%o. The baby seemed to be well except for marked drowsiness which made feeding very difficult. In an attempt to overcome this trouble she was given eight feedings a day instead of six. There was some improvement following this, and the drowsiness disappeared two days later.
On the twenty-first day of life the baby was discharged. Physical examination was negative except for persistence of the systolic murmur and an inspiratory crow. She had been free of all symptoms of tetany for twelve days and at this time calcium therapy was stopped. The cardiac murmur was absent when the baby was two months of age. At this time the child was gaining weight, but some vomiting after feedings persisted. When the child was two months of age, she had another spell of severe vomiting, spasms, and one convulsion. The symptoms disappeared within twenty-four hours without specific therapy and have not recurred. The baby gained poorly and remained irritable and fretful' through the following six months.
Additional laboratory findings
Third day of life: Normal blood count. Normal bleeding time and normal clotting time.
Fourth day of life: Negative blood culture. Green streptococcus obtained from nose and throat cultures.
Ninth day of life: Negative blood culture. Negative blood Kahn reaction. Normal blood count. Roentgenograms revealed normal aeration of the lungs with a verv slight enlargement of the cardiac shadow. There was no thymic enlargement.
Nineteenth day of life: Roentgenograms revealed the cardiac shadow to be within normal limits. Electrocardiographic tracings revealed no evidence for any congenital lesion involving the conduction system. Case 2. B.B., the patient, a male, 3%4 years old in January 1935, is being followed in the out-patient department of the hospital. He was born by a normal spontaneous delivery. The labor was of short duration and the baby seemed to do fairly well and to be normal in all respects until the twelfth day of life when he began to have convulsions. These started as twitching movements and became more severe with the passage of time until at the age of nineteen days, when the child was admitted, he was having frequent generalized convulsions. Physical examination on admission was essentially negative. The blood counts and urine examination were negative. The cerebrospinal fluid was normal except for an increase in globulin content and a few red blood cells thought to be traumatic in origin. A diagnosis of birth injury was considered. Chemical analyses of the blood were made but the child was taken home against advice before these could be completed. The serum calcium was 6.6 mg.-% and the phosphorus was 11.8 mg.-%o.
Administration of calcium lactate and ammonium chloride was advised and carried out, and the convulsions became considerably less in number. A second chemical examination of the blood serum done ten days after discharge showed a calcium of 8.2 mg.-% and a phosphorus of 6.6 mg.-%o. Roentgenograms of the skull and long bones showed no abnormalities.
Subsequent development of the patient was normal for two and one-half years, when he began to suffer from a type of convulsive seizure. He would stiffen out for a moment and then become pale. There was no definite twitching. After several attacks it was believed this might be a recurrence of the tetany, 51 used to stimulate the initial respirations. One hour after birth, irregular respirations were noted and twitching of the left foot was observed following periods of apnea. The extremities were spastic. In other respects detailed physical examination was negative. During the second day of life, the child had frequent twitchings of the hands which were held clenched. The color was poor, the fontanelle full, and the head was held retracted. Carbon dioxide content of the blood on this date was 20.07 m.-Eq., and serum chlorides 105.1 m.-Eq. per liter. A spinal tap revealed bloody fluid which contained some crenated red blood cells. On the third day of life, there was marked spasm and convulsive twitchings and a markedly positive Chvostek.
At this time the calcium was 7.03 mg.-%, the phosphorus 9.35 mg.-%o, and the protein 7.22%o. The child was given calcium chloride and definite improvement was noted. Opisthotonos and spasticity, however, -continued although there were no further convulsions. On the sixth day of life, a second blood calcium was 12.0 mg.-%o and phosphorus 6.42 mg.-%o. From this time until discharge the baby did poorly, having recurrent attacks of diarrhea. He was discharged to his home at the age of two months weighing 3000 gm. At this time he was still spastic and held his head retracted. These symptoms were believed to be the sequelae of intracranial injury or hemorrhage. The baby died at home three weeks later. No autopsy could be obtained.
Discussion
Tetany is the outstanding feature of this syndrome. The other clinical manifestations vary in that one or more may be absent in any given case. Edema usually accompanies and may precede the tetany. The child may be cyanotic and may have an inspiratory crow. Vomiting is often encountered. Unusual neurological phenomena occur infrequently, leading some observers to believe there may be cerebral compression. There may be a slight elevation of temperature. The disease usually appears without warning, though Skupin63 attempted to correlate lowered thresholds to galvanic stimulation in mothers with the occurrence of tetany in the newborn. Spontaneous recovery is the rule, though a fatal outcome is not rare, and it is likely that many cases are missed because recovery is so rapid that the patient is well before the significance of the clinical picture is appreciated.
The fact that these patients recover immediately when therapy is instituted and that this recovery is permanent sets this disorder apart from other types of tetany in which prolonged treatment is necessary to prevent relapse. Once a baby has been relieved of attacks of tetany by therapy, it is usually possible to discontinue treatment within three or four days without recurrence of the attacks. This is decidedly different from the results obtained in rachitic tetany or tetany caused by inborn errors of calcium metabolism.
Careful cL.emical studies of this syndrome have revealed in every instance the presence of a low concentration of serum calcium. Bacteriological studies have been uniformly negative. The disease behaves as an endogenous chemical disturbance which is usually not fatal. In the absence of a serum calcium determination the diagnosis cannot be positively established. Studies on total base and on variations in the electrolyte pattern have failed to reveal significant factors in the production of the disorder."8287 42,70, 71 Many workers have, without success, attempted to establish the importance of parenterally or enterally administered salts in the pathogenesis of the disease.8', 10, 20, 21, 27, 28, 88 Analyses of other bloodi constituents have yielded equally sterile results. 7 11,46,U4 Since the manifestations of the disease appear to be due in large part to a lowered concentration of serum calcium, it becomes of importance to determine the cause of this reduction. The evidence is strongly against a rachitic origin for the observed changes. Disregarding the age of the patients, no positive evidence can be brought forth which points to rickets. No characteristic skeletal changes diagnostic of rickets can be demonstrated by roentgenograms. The course of the disease with rapid recovery under minimal treatment is at complete variance with comprehensive experience in the treatment of rickets and rachitic disorders. Nor is the evidence more convincing for a primary calcium disorder. Osteomalacia and allied disorders may be excluded by the absence of bony changes. Deficient calcium absorption such as may occur in celiac disease is incompatible with the patient's ability to develop a normal skeletal system without prolonged treatment for any such disorder. That no calcium deficiency is present is further indicated by the normal roentgenographic appearance of the bones which, as the primary reservoir of calcium, would certainly be expected to show some change if simple lack of calcium were the inciting factor.
Parathyroid dysfunction appears to be the most likely cause of the lowered serum calcium. In parathyroid tetany a low value for the serum calcium is associated with an elevated value for the serum phosphorus. Such a relationship is most frequently encountered in this syndrome. The absence of recurrent attacks after initial recovery with subsequent elimination of therapy is also seen following parathyroidectomy."2 22'39 The lack of bony changes in the syndrome under discussion certainly favors a process which is temporary in nature and which recedes spontaneously. Although edema does not accompany the usual hypoparathyroid tetany, it is likely that in the newborn, in whom post-parturition adjustments are occurring, a disturbance of one endocrine gland may produce additional phenomena not encountered in more mature organisms. Gorter and De Does16 report a series of cases in which microscopic sections of the parathyroids of one infant who died of tetany at the age of nineteen months showed thymic tissue replacing in part the parathyroid tissue.
The therapeutic test is not a valid procedure in the diagnosis of this disorder. All types of tetany will respond to acid, calcum, or parathormone therapy. The permanency of the resulting cure depends upon the etiological factors involved but in no wise gives any criteria for determining etiology. Infants in the newborn period are subject to diverse and bizarre neurological phenomena, transient in nature, and in the absence of positive diagnostic aids the subsidence of symptoms following any given therapy is no proof that the disorder which subsided was the specific disturbance for which therapy was instituted. The transient nature of the tetany itself makes this procedure of very doubtful value as a diagnostic aid. Positive evidence, rather than inferential evidence, must be obtained for a diagnosis.
These three cases, taken in conjunction with those already cited in the literature, indubitably prove the existence of tetany in the newborn. As yet it is impossible to formulate any reasonable explanation for the fact that the disorder seems to be limited to the neonatal period, nor is it possible definitely to implicate any specific etiological factor. Until more is known about the disorder it is unwise to restrict the diagnosis too sharply as to age, or to limit it to the first two weeks of life. However, when some form of rickets is present it is impossible to rule it out as a possible cause of the calcium disorder. Consequently, it seems best at the present time to limit the diagnosis to infants under twelve weeks of age who may be assumed to be free of rickets in the absence of definite evidence of rachitis. With further investigation of the disease it should be possible in the future not to have to resort to such arbitrarily selected age limits but to establish the diagnosis from an understanding of the physiology at fault. Summary 1. Three cases of tetany in the newborn exhibiting hypocalcemia have been presented.
2. Further dinical and chemical evidence has been adduced of the existence of a syndrome in the newborn with manifest symptoms of tetany associated with lowered serum calcium but without evidence of other disability which might chemically produce a similar condition.
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